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METHOD AND APPARATUS FOR TRENCH ISOLATION PROCESS 
WITH PAD GATE AND TRENCH EDGE 
, SPACER ELIMINATION 

~**f_M. — =* 

TECHNICAL FIELD 
5 The present invention relates generally to trench isolation structures 

on microelectronic devices and methods for forming the same, and more 
specifically to oxide spacers which are formed about trench isolation structures. 

BACKGROUND OF THE INVENTION 

Microelectronic devices are used in computers, communications 
10 equipment, televisions and many other products. Typical microelectronic 
devices include processors, memory devices, field emission displays and other 
devices that have circuits with small, complex components. In current 
manufacturing processes, the components of such circuits are generally formed 
on a microelectronic substrate or wafer with conductive, insulative and 
15 semiconductive materials. Fifty to several hundred microelectronic devices are 
typically formed on each microelectronic substrate, and each microelectronic 
device may have several million components. 

Because fabricating microelectronic devices generally involves 
forming electrical components at a number of layers and locations, 
20 microelectronic devices generally have many conductive features to couple the 
various components together. 

The method by which the components of an integrated circuit are 
interconnected involves the fabrication of metal strips that run across an oxide 
layer in the regions between rows of transistors. However, the strips, together 
25 with the oxide beneath the strips, form gates of parasitic MOS transistors and 
diffused regions adjacent the strips form sources and drain regions, respectively, 
of the parasitic MOS transistors. The threshold voltage of such parasitic 
transistors must be kept higher than any possible operating voltage so that 
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spurious channels will not be inadvertently formed between the devices. In order 
to isolate MOS transistors, then, it is necessary to prevent the formation of 
channels in the field regions, implying that a large value of V x is needed in the 
field regions. 

5 Implementing electronic circuits involves connecting isolated 

devices through specific electrical paths. When fabricating silicon integrated 
circuits it must therefore be possible to isolate devices built into the silicon from 
one another. These devices can subsequently be interconnected to create the 
specific circuit configurations desired. Isolation technology is one of the most 
10 critical aspects of fabricating integrated circuits. Hence, a variety of techniques 
have been developed to isolate devices in integrated circuits. These techniques 
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balance competing requirements, such as minimum isolation spacing, area of 
2J footprint, surface planarity, process complexity, and density of defects generated 

=p during fabrication of the isolation structure. 

I" 15 One of the most important techniques developed is termed LOCOS - 

— isolation (for LOCal Oxidation of Silicon), which involves the formation of a 

IU semi-recessed oxide in the nonactive (or field) areas of the substrate for use with 

Iq PMOS and NMOS integrated circuits. Conventional LOCOS isolation 

~ technologies reach the limits of their effectiveness as device geometries reach 

20 submicron size. Modified LOCOS processes such as trench isolation have had to 
be developed to deal with these smaller geometries. 

Refilled trench structures have been used as a replacement for 
conventional LOCOS isolation techniques. Trench/refill approaches for isolation 
applications generally fall into the following three categories: shallow trenches 
25 (less than 1 micron); moderate depth trenches (1-3 micron); and deep, narrow 
trenches (greater than 3 micron deep, less than 2 micron wide). Shallow, refilled 
trenches are used primarily for isolating devices of the same type, and hence they 
can be considered as replacements for LOCOS isolation. An example of a 
shallow trench isolation structure is shown in Figure 1 . 
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The conventional shallow trench isolation structure 10 shown in 
Figure 1 is fabricated on a microelectronic substrate 20. Gate structures 100 and 
300 are formed on the substrate 20 from a pad/gate oxide layer 30, a first gate 
layer 40, a second gate layer 70 and a silicide layer 80. A trench 22 formed in 
5 the substrate 20 is filled with a silicon oxide 60, to form the shallow trench 
isolation structure or isolation pad 400. An isolated component 200 is fabricated 
on the isolation pad 400, the isolated component 200 comprising the second gate 
layer 70 and the silicide layer 80. Oxide spacers 91-94 are then formed about 
the gate structures 100 and 300, the isolated component 200 and the isolation pad * 

10 400. The oxide spacers 91-94 protect the components from contact with other 
conductive components, as well as, providing gentle slopes to improve step 
coverage when applying additional layers. Generally, the less severe the slope, 
the better the coverage. 

Due to the need to define gentle slopes from the relatively tall gate 

15 structures 100, 300, the isolated component 200, and the isolation pad 400, the 
spacers 91-94 take up a large amount of area on the microelectronic substrate 20. 
Continued progress in microelectronic fabrication requires that isolation 
structures be as small as possible and take up a minimum of area on the 
microelectronic substrate. Any reduction in the size of the isolation structures 

20 will provide great benefits in semiconductor manufacture. 

SUMMARY OF THE INVENTION 

A reduction in the size of isolation shallow trench structures and 
associated gates is achieved by the elimination of spacers about the isolation pad 
and the reduction in the area occupied by spacers around the associated gate 
25 structures and the isolation component. The elimination of the spacer around the 
isolation pad, and the reduction in size of the other spacers is achieved by 
controlling the height by which the isolation pad extends from the substrate. 
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In a first exemplary embodiment, the isolation pad is recessed to a 
level which is between an upper level of the first gate layer and an upper level of 
the substrate of the microelectronic substrate. 

In a second embodiment, the height of the isolation pad is 
5 controlled relative to the height of the gate structure by ensuring that the gate 
structure is at least approximately twice the height of the height by which the 
isolation pad extends beyond the substrate. Likewise, spacer size can be 
controlled by ensuring that the isolation pad extends beyond the substrate by a 
height which is less than approximately one half of the height of the gate 
10 structure. 

Controlling the relative heights of the isolation pad relative to the 
gate structures or the isolated component is accomplished by recessing the 
isolation pad during the fabrication process. 

In one exemplary embodiment of the fabrication process, the gate 

15 oxide layer is grown on the microelectronic substrate. The first gate layer is 
deposited on the gate oxide layer and the trench is formed through the gate layer 
and the gate oxide layer and into the substrate. The trench is then filled with the 
silicon oxide, and the structure is planarized through chemical-mechanical 
planarization (CMP). The field oxide is then recessed to an appropriate depth. It 

20 is this recess step which controls the later spacer formation. After recessing, the 
second gate layer is deposited over the recessed field oxide and the first gate 
layer. The silicide layer is then formed over the second gate layer and gate 
structures and the isolated component are formed in the silicide layer, the first 
and second gate layers, and the gate oxide layer. Spacers are formed about the 

25 resulting gate structures and the isolated component. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view showing a conventional method 
for the fabrication of a shallow trench isolation structure having spacers. 
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Figures 2A-2H are cross-sectional views showing respective steps 
of a method for the fabrication of a shallow trench isolation structure in a 
microelectronic substrate, according to an exemplary embodiment of the present 
invention. 

5 Figure 3 is a flow chart of the method steps in the exemplary 

embodiment of Figures 2A-2G. i 

DETAILED DESCRIPTION OF THE INVENTION 

In the following description, certain specific details are set forth in 
order to provide a thorough understanding of various embodiments of the present 

10 invention. However, one skilled in the art will understand that the present 
invention may be practiced without these details. In other instances, well-known 
structures associated with microelectronic devices and with the fabrication of 
microelectronic devices, and isolation structures in microelectronic devices, have 
not been shown in detail in order to avoid unnecessarily obscuring the description 

15 of the embodiments of the invention. 

With reference to Figures 2 A and 3, a pad oxide or gate oxide layer 
30 is formed on a surface 24 of a microelectronic substrate 20 in step 100. The 
gate oxide layer 30 has an exposed upper surface 32. The substrate 20 may be 
formed of glass or other suitable material, but is preferably formed of silicon. 

20 The gate oxide layer 30 may be formed by first cleaning a bare silicon surface of 
substrate 20 and then thermally growing a Si0 2 layer thereupon. Other 
techniques for forming the gate oxide layer 30 may be used, such as CVD Si0 2 
deposition. 

With reference to Figures 2B and 3, a first gate layer 40 is 
25 deposited over the gate oxide layer 30 in step 102. The first gate layer 40 has an 
upper surface 42. The first gate layer 40 preferably consists of poly silicon. A 
nitride stop layer 50 may optionally be formed over the first gate layer 40 in step 
104. The stop layer 50 may be CVD silicon nitride which functions as an 
oxidation mask. 



With reference to Figures 2C and 3, in steps 106 and 108, a trench 
22 is formed, the trench 22 extending through the stop layer 50, the first gate 
layer 40, the gate oxide layer 30 and into the substrate 20. The trench 22 defines 
a field area 24 in the substrate 20. A thin layer (100-200 A) of silicon dioxide 
5 (Si0 2 ) is then thermally grown on the exposed silicon (Si). 

With reference to Figures 2D and 3, the trench 22 is filled with 
silicon oxide to form a field oxide 60 in step 110. Silicon oxide can be deposited 
using conventional techniques such as LPCVD, HDPCVD (high density plasma 
CVD), etc. Conventional processes may be used to reduce or eliminate the birds 
10 beak which often results from field oxide growth. Chemical-mechanical 
" planarization (CMP) is then used to planarize the field oxide 60 in step 112. In 

w general, CMP involves holding or rotating a wafer of semiconductor material 

£fi against a wetted polishing surface under controlled chemical slurry, pressure, and 

]p temperature conditions. A chemical slurry containing a polishing agent such as 

- : 15 alumina or silica may be utilized as the abrasive medium. Additionally, the 
O chemical slurry may contain chemical etchants. This procedure may be used to 

fy produce a surface with a desired endpoint or thickness, which also has a polished 

^ and planarized surface. If the optional stop layer 50 is formed, the stop layer 50 

will normally determine the endpoint of the CMP step 112. The stop layer 50 is 
20 then removed in step 1 14 by conventional means. 

With reference to Figures 2E and 3, the field oxide 60 is recessed in 
step 116 such that the surface of the field oxide 60 is at a level between the level 
of the upper surface 42 of the first gate layer 40 and the surface 24 of substrate 
20. In the exemplary embodiment, the field oxide level is between the upper 
25 surface 42 of the first gate layer 40 and the upper surface 32 of the gate oxide 
layer 30. 

With reference to Figures 2F and 3, a second gate layer 70 may be 
formed on the recessed field oxide 60 and the first gate layer 40 in step 118. The 
second gate layer 70 serves as an adhesion layer. The second gate layer 70 is 
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preferably composed of polysilicon. The second gate layer 70 can be formed by 
conventional deposition methods. 

A conductive layer 80 is then formed over the second gate layer 70 
in step 120. The conductive layer 80 may be formed by chemical vapor 
5 deposition of tungsten silicide (WSix). Other refracting metal silicides may be 
used, including, but not limited to TiSi 2i TaSi 2 , MoSi 2 , PtSi. A thin layer of oxide 
may optionally be formed on the silicide layer 80. 

Gate structures 100, 300 are next formed in the silicide conductive 
layer 80, the first and second gate layers 40, 70 and the gate oxide layer 30 in 
10 step 122 as shown in Figure 2G. The shallow trench isolation structure 400 may 
also be uncovered at this point. The gates 100, 300 are formed through 
conventional patterning and etching processes. The isolated component 200 may 
also be formed at this point. _ ^ 

With reference to Figures 2H and 3, spacers 91 and 92-are formed 

A 

15 about the gate structures 100 and 300, respectively, and spacer 92 is formed 
about the isolated component 200 in step 124. Formation of the spacers may be 
Ly carried out in a number of ways including deposition of LPCVD-Si0 2 . The 

yn spacers 91-93 are grown until an adequate reduction of step size is achieved. 

^ Due to the relatively low profile of the isolation pad 400, little or no spacer will 

20 form adjacent to the isolation pad 60. To achieve this, the field oxide isolation 
pad height 66 s hould be approximately one half of the height of the gate structure 
1 06, 306, an approximately two-to-one ratio. A . d 

Although specific embodiments of the shallow trench isolation 
structure and method of the present invention have been described above for 
25 illustrative purposes, various equivalent modifications may be made without 
departing from the spirit and scope of the invention, as will be recognized by 
those skilled in the relevant art. The teachings provided herein of the present 
invention can be applied to other isolation structures, not necessarily the 
exemplary shallow trench isolation structure generally described above. For 
30 example, additional layers may be formed or the order of forming layers may be 
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changed. The substrate may be composed of silicon, glass or some combination 
of other materials or layers of materials. Alternatively, different materials may 
be employed, and different methods of forming or depositing the layers may be 
used. 

These and other changes can be made to the invention in light of 
the above detailed description. In general, in the following claims, the terms 
should not be construed to limit the invention to the specific embodiments 
disclosed in the specification claims, but should be construed to include all 
apparatus and methods for forming trench isolation structures with reduced and 
eliminated spacers. Accordingly, the invention is not limited by the disclosure, 
but instead its scope is to be determined entirely by the following claims. 



